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@ High dielectric constant ceramic material and method of manufacturing the same. 

A ceramic material comprising a composition expressed by the following formula as 
(1-x)(Pb l . a . b Ba a Sr b ) 

{(2n 1/ 3Nb2 / 3)i^(Mg 1/3 Nb2^) c Ti d }03.xBaTi03 
where 

0 5 a 5 0.35 
0 5 b 5 0.35 
0.01 5a + b 5 0.35 
0 5 c 5 0.9 
0 < d 5 0.5 
0 < c + d < 1.0 
0.3 5x5 0.65 

having a high dielectric constant (K = 2300 to 7000), a high insulation resistance (CR = 4000 to 18000 
ohmF), a low temperature dependen ce (*10%) to (±22, -33 %) upon dielectric constant over a wide 
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Field of the Invention 
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The present invention relates to a high dielectric constant ceramic material, and a method of 
manufacturing the same, and more specifically to a high dielectric constant ceramic material having a small 
temperature dependence of dielectric constant over a wide temperature range in particular, and the method 
of manufacturing the same. 



Description of the Prior Art 

As characteristic items required for dielectric material, there are high dielectric constant, low dielectric 
75 constant vs. temperature dependence, low dielectric loss (dissipation factor) small bias voltage dependence 
of dielectric constant, high capacitance - resistance product, etc. 

Among these items, in particular, a sufficiently high capacitance-resistance product (CR product) is 
required. For instance, Standards of the Electronic industries Association of Japan prescribes the CR 
product as high as 500 Mohm.uF at room temperature in the Standards RC-3698B entitled Multilayer 
20 Ceramic Chip Capacitors for Electronic Applications. Further, MIL-C-55681 prescribes high CR product 
values even at high temperature such as 125°C. 

Furthermore, stable temperature characteristics (dependence) are required over a wide temperature 
range. For instance, capacitance change is prescribed as ±15% or less within a temperature range of -55 to 
+ 125°C in X7R characteristics in the Standards of Electronic Industries Association (EIA), U. S. A., as 
25 shown in Fig. 1. 

In the case of multilayer-type elements, since the internal electrode layers and the dielectric layers are 
sintered simultaneously (cofired) in the form as shown in Fig. 2, it is necessary to use an electrode material 
stable in the sintering temperature of the dielectric material. Therefore, when the sintering temperature of 
the dielectric material is high, expensive electrode material as Pt, Pd, etc. should be used. In other words, 
30 there exists a need of dielectric material sinterable at relatively low temperature of 1100°C or less so that 
low-cost material such as Ag is usable as internal electrode material. 

In the conventional high dielectric constant ceramic materials, barium tltanate (BaTiOs) is generally used 
as a base material, and stannate, zirconate, tltanate, etc. are solid-soluted thereinto. 

However, since the sintering temperature of the barium titanate based material is as high as 1300 to 
35 1400°C, high-temperature resistant high-costly material such as platinum or paradium should be used for 
the internal electrodes, thus resulting in cost augmentation. 

To improve the above-mentioned disadvantages involved in barium titanate, various compositions have 
been developed. For instance, Japanese Published Unexamined (Kokai) Pat. (referred to as JPUP) No. 57- 
57204 discloses a ceramic dielectric composition mainly composed of lead iron niobate; JPUP No. 55- 
40 51759 discloses the one mainly composed of lead magnesium niobate; JPUP. No. 55-144609 discloses the 
one mainly composed of lead magnesium tungstate; and JPUP No. 58-217462 discloses the one mainly 
composed of lead magnesium/iron/tungstate. 

However, no high dielectric constant ceramic material has so far been obtained such that the dielectric 
constant is high; the temperature dependence is small over a wide temperature range as -55 to +125°C; 
45 the insulation resistance is high; that is, various electric characteristics are excellent and further low 
temperature sintering is enabled. 

On the other hand, some researches have been made to obtain flat temperature characteristics by 
mixing compositions having different dielectric constant temperature characteristics. For instance, JPUP No. 
59-203759 discloses a mixture of Pb(Mg i/sNbj^Oa -Pb(Mt\ m W m )Oz based material, and Pb(Mg 1 . 3 Nb 2 ^ Os - 
so PbTiOs -Pb(Fe 2ra W 1 / 3 )03 based material. However, this mjxture has large temperature coefficient of dielectric 
constant (T.C.C.) and is insufficient in temperature characteristics. Further, Japanese Journal of Applied 
Physics, vol.24(1985)Supplement 24-2, pp.427-429 discloses a mixture of Pb(Fe 1/2 Nb 1/2 )03 and Pb- 
(Fe2/3W 1/3 )Ch. However, the CR product which is important as a capacitor material is not considered; the 
T.C.C. thereof is high and the temperature characteristics are insufficient 
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PbO 26.49 to 52.58 wt% 

Bao i5.oi to 39.07 wt% BEST AVAII ARl c rv-^u. 

SrO 0.00 to 9.57 wt% ' MV ™L™Lb CO*- V 

5 ZnO 0.49 to 6.86 wt% - 

MgO 0.00 to 3.14 wt% 
NbjOs 8.00 to 23.03 wt% 
Ti0 2 7.81 to 23.39 wt%. 

Among these, composition in which part of Ti is substituted with Zr is preferable, because a drop in 
io dielectric constant near the Curie point is small. Therefore, Ba(Ti ,^Zr e ) can be used instead of BaTiCfe. In 
this case, however, the substitution amount of Zr is 6 mol% (0 £ e * 0.06) at the most. This is because 
T.C.C. (temperature coefficient of dielectric constant) increases at high temperature when ceramics 
composed of the mixed sintered body is formed, if beyond 6 mol%. 

Further, when the above composition can be calculated in terms of weight percentage of oxides, 

fs 

PbO 19.28 to 40.35 wt% 
BaO 26.73 to 46.73 wt% 
SrO 0.00 to 7.15 wt% 
ZnO 0.36 to 5.1 1 wt% 
20 MgO 0.00 to 2.33 wt% 

Nb20s 5.84 to 17.11 wt% 
Ti02 13.08 to 26.64 wt% 
Zr0 2 0.00 to 1.93 wt%. 

Impurities and additives may be includes as far as the effect of the present invention is not degraded. 
25 However, the content of additives such as transition elements, lanthanoid elements of CaO, La^ Mn02. 
CoO, NiO, StfeOa, Zr©2, and Si02 may be 1 wt% at the most. 

In manufacturing the multilayer-type element, a binder, a solvent, etc. are mixed with the above- 
mentioned raw material powder or the mixed and crushed powder to obtain a slurry. The slurry is formed 
into a green sheet; an internal electrode paste is printed oh the green sheet; a predetermined number of 
so sheets are laminated, pressurized and sintered. In the sintering process, since the dielectric material of the 
present invention can be sintered at low temperature, it is possible to use a low-costly material mainly 
composed of Ag as the internal electrode material. 

Further, since the dielectric material can be sintered at low temperature, it is possible to effectively use 
this material as a thick film dielectric paste material printed and baked onto a printed circuit board. 
35 The ceramic composition of the present invention is high in dielectric constant and small in temperature 
coefficient, large in CR product even at high temperature, and therefore excellent in reliability at high 
temperature. 

Further, the bias voltage dependence upon the dielectric constant is excellent as low as 10% or less in 
2 kV/mm. Thus, the material of the present invention is usable as dielectric material for high voltage, and 
40 further for alternating current circuits and for high frequency circuit, because the dielectric loss (dissipation 
factor (DF) or tan 6) is quite small. 

Since the temperature . characteristics of the dielectric constant is excellent, when applied to an 
electrostrictive element, it is possible to obtain an element having a small temperature dependence relative 
to displacement. 

45 Further, since the particle size can be arranged uniformly within 0.7 to 3 urn, the breakdown voltage is 
also high. 

The mechanical strength of the material is also excellent as well as the above electric characteristics. 
50 (Examples) 

Examples of the high dielectric constant material of the present invention will be described below. 
The starting raw materials of BaCOs and TiOa for constituting BaTiCb are both weighed by a balance so 
as to form a chemical formula BaTiOa, mixed by a ball mill, calcined at 1000 to 1350°C, and then crushed 
55 by the ball mill. 
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hj u 1 1 ' Ly X w 

No. 


a 

(mol%) 


K 
D 

(mol%) 


C 

(mol%) 


a 

(mol%) 


X 

(mol%) 


Example 

1 


0 


18 


1 


19 


35 


2 


33 


0 


1 


49 


40 


3 


0 


5 


40 


0 


40 


4 


. 0 


1 


80 


0 


40 


5 


10 


0 


50 


0 


50 


Compara . 

1 


33 


0 


1 


49 


40 


2 


33 


0 


1 


49 


40 


Example 

6 


0 


11 


40 


20 


45 


7 


20 


0 


0 


30 


58 


8 


15 


5 


1 


29 


58 


9 


20 


0 


0 


30 


62 


" 10 


20 


0 


0 


30 


55 


" 11 


5 


15 


0 


30 


55 


" 12 


20 


0 


50 


45 


60 


Compara . 

3 


20 


0 


0 


30 


55 


4 


20 


0 


0 


30 


55 
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Table 1-c 



Sample 
No. 


P.dia 

of 
BaTiO, 
(Mm)" 3 


Dielec- 
tric 


Dielec- 
tric 


CR 
prod- 


CR 
prod- 


Dielectric C 
change rate 


(%) 


constant 
K(25°C) 


loss 
D.F(%) 


uct 
25 6 C 
(P-F) 


uct 
125°C 
(fl-F) 


-55°C 




Max. 


Example 
1 


1.5 


4700 


1.2 


13000 


2900 


-22 


+9 


-22 


" 2 


1.5 


5700 


1.1 


6500 


1900 




, T D 


-25 


" 3 


1.5 


5700 


1.2 


12000 


2600 


-21 


+9 


-21 


" 4 


1.5 


6600 


1.0 


4600 


1200 


-32 


+8 


-32 


" 5 


1.5 


5000 


1.1 


8800 


3300 




+ 90 

T \J 


-21 


Compara 
1 


0.4 


3100 


0.9 


3200 


920 






-39 


" 2 


6 


5300 


1.2 


590- 


320 




■4-1 1 


-33 


Example 
6 


1.5 


7200 


1.0 


17000 


3600 




~ JL -J 


-31 


" 7 


1.5 


2730 


1.2 


9100 


3300 


-7.0 


-3.8 


-7.0 


" 8 


1.5 


2610 


1.1 


13000 


5200 


-5.9 


-9.2 


-9.2 


" 9 


1.5 


2620 


1.2 


8700 


2900 


-8 1 


+0 3 


-8.2 


" 10 


1.5 


2920 


1-3 


9500 


3800 


-6.4 


-4.8 


-6.8 


" 11 


1.5 


2640 


1.1 


16000 


6900 


-7.2 


-1.1 


-7.2 


" 12 


1.5 


2810 


1.4 


11000 


4200 


-9.2 


-2. .4 


-9.9 


Compara 
3 


0.4 


1720 


1.0 


4600 


1120 


+ 3.8 


-18.7 


-18.7 


" 4 


6 


3500 


2.3 


890 


430 


-24.2 


+16.1 


-24.2 



Further, Table 2 shows the test results of Examples 13 to 15 of the composition expressed by the 
following formula as 

(l-x)(Pb 1 . a . b Ba a Sr b ) 

{(Zn 1/3 Nb2^) 1 ^ d (Mg 1 ^Nb 2ra ) c Tid}Q3.xBa(Ti 1 ^Zr e )0 3 
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Sample 


P.dia 
of 


Dielec- 
tric 


Dielec- 
tric 


CR 
prod- 


CR 
prod- 


Dielectric C 
chanqe rate 


(%) 


No. 


Ba (Ti, 

Zr)0, 

(urn) 


constant 
K(25°C) 


loss 
D.F(%) 


uct 
25*C 

\ACc ) 


uct 
125°C 

( Of \ 


-55°C 


+125°C 


Max. 


Example 
1 


1.4 


2350 


1.2 


12000 


4500 


-3.3 


-5.8 


-6.1 


" 2 


1.4 


2320 


0.9 


14000 


5800 


-5.7 


-6.5 


-6.8 


" 3 


1.4 


2760 


1.1 


18000 


6500 


-6.6 


-2.9 


-6.6 


Compara 
5 


1.4 


2210 


1.3 


9600 


2800 


-6.4 


-13.9 


-13.9 



Table 1 indicates that the ceramic composition of the present invention have high dielectric constant (K 
= 4000 or more) and good temperature characteristics ( + 22 and -33% or less between -55 and +125°C). 
Further, the CR product is as large as 5000 ohm.F (25°C) or more, in particular 1000 ohm.F or more even 
at 125°C t being excellent in reliability at high temperature. 

Table 1 indicates that the Comparative Example 1 of BaTiCb with small particle size has a small 
dielectric constant and a wide temperature change rate. Further, in the Comparative Example 2 of BaTiOa 
with large particle size, the CR product is reduced markedly. 

Further, in the Example 6 of Ba^Sr (uTiCb having a Curie point of about 100°C in place of BaTiCh, 
excellent characteristics have also been obtained. In addition to the substitution of BaTiCb with Sr! 
compositions having a Curie point 10 to 30 6 C lower due to the substitution of BaTiOa with Ca, Ce, Zr and 
Sn have also shown excellent characteristics. 

Further, Tables 1 and 2 indicate that Examples 7 to 15 are high in dielectric constant (K = 2300 or 
more) and good in temperature characteristics (within ±10% at -55 to +125°C). Further, in the Examples 13 
to 15 using Ba(Ti a .g 5 Zr O .os)03 in place of BaTiQj, in particular, excellent temperature characteristics as 
±7.5% or less within temperature range of -55 to +125°C can be obtained. The CR value is also as large 
as 8000 ohm F (25°C), and further 2500 ohm F or more at 125°C in particular, thus indicating excellent 
reliability at high temperature. 

The Comparative Example 5 is a composition using Ba(Ti 0 .88Zr 0 . 12 )Q3 in which part of Ti is substituted 
with 12 mol% Zr in stead of BaTi03. However, the change rate of the dielectric constant exceeds ±10% at 
high temperature. Therefore, it is preferable that the substitution rate of Zr lies within the range of the 
present invention. Further, the same results have been obtained by use of the composition having a Curie 
point 10 to 30 °C lower due to substitution of part of Ti with Sn or part of Ba with Sr. Ca, Ce, without 
substituting BaTi03 with Zr. 

Further, a multilayer ceramic capacitor formed by use of composition obtained by adding 0.25 mol MnO 
and CoO to the Example 3 will be described hereinbetow. 

First, BaTiOj having the composition as described above and other calcined powder were weighed by a 
balance at predetermined proportion, mixed into slurry by adding an organic solvent and a binder, and 
formed into a 30 urn thick green sheet with a doctor blade casting machine. On this green sheet, a 
70Ag/30Pd electrode paste was printed into a predetermined pattern and 20 sheets having the above 
electrode pattern were stacked and laminated. Thereafter, the laminated sheet was cut off into a predeter- 
mined shape, heated to bum out the binder and sintered at 1080°C for 2 H. After sintering, an Ag paste 
was baked as external lectrodes to manufacture multilayer c ramie capacitors. The electric characteristics 
are listed in Table 3 below. 
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5 


Shape 


1.6x3.2x0.9 


(mm 3 ) 




Thickness per layer 


20 


(urn) 


70 


Capacitance 


76 


(uF) 




Dielectric Loss 
(Dissipation Factor) 


1.1 


(%) 


T5 


Insulation resistance 


4.3xl0 5 


(Mohm) 




CR product ( 25°C) 


33000 


(ohmF) 






/oUU 


lonmr ; 


20 


Capacitance change with 
reference to 25 C (-55°C) 


-5.8 


% 


25 


(125°C) 


-3.2 


% 



The dielectric constant of the obtained multilayer ceramic capacitor was about 2700. Table 4 indicates 
that the characteristics are sufficiently excellent. In particular, the temperature characteristics lie within 
±7.5% or less between -55 and + 125°C. which satisfies X7S 45 characteristics In EIA Standards. 

3 o As desQribed above, since the method of manufacturing high dielectric constant ceramic material of the 
present invention can provide high dielectric constant ceramic composition excellent in various characteris- 
tics such that the dielectric constant is high and dielectric constant change rate, is small over a wide 
temperature range, the method is effective in manufacturing multilayer ceramic capacitors, in particular. 
Further, in the manufacturing method of the present invention, lead zinc niobate and barium titanate have 

35 been used as the main components; however, there exist some cases where the similar effects as those in 
the present invention can be obtained by use of other components. 

According to the ceramic omposition and the method of the present invention, it is possible to obtain a 
high dielectric constant ceramic material having high insulation resistance and excellent temperature 
characteristics. In particular, since it is possible to obtain ceramics improving the temperature characteris- 

40 tics over a wide temperature range the ceramic material of the present invention is well applied to multilayer 
ceramic elements such as multilayer ceramic capacitors, multilayer ceramic displacement element, etc. 
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Claims 

1. A high dielectric constant ceramic material, comprising a composition expressed by the following 
formula as 

(1-x)(Pb 1 . a . b Ba a Sr b ) 

{(Zn 1/3 Nb M )i^(Mg 1/3 Nb M ) c Ti d }03.xBaTiO3 

where 

55 0Sa£0.35 
0 S b S 0.35 
0.01 £ a + b S 0.35 
0 S c S 0.9 
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(e) baking Ag paste or Ag/Pd paste onto the sintered body as an external electrode to fabricate a 
ceramic capacitor. 
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© High dielectric constant ceramic material and method of manufacturing the same. 



© A ceramic material comprising a composition 
expressed by the following formula as 

(1-x)(Pb 1 . a . b Ba a Sr b ) 

{(Zn, / 3Nb2^) 1 . c ^(Mg l/3 Nb 2 ^)cTi d }03.xBaTi03 



CO 

^ where 
tt 

in 



rs 



CL 
LU 



0 S a £ 0.35 
0 S b £ 0.35 
0.01 Sa + b3 0.35 
0 3 c 3 0.9 
0 < d £ 0.5 
0 < c + d < 1.0 
0.3 £ x £ 0.65 



having a high dielectric constant (K = 2300 to 
7000), a high insulation resistance (CR = 4000 to 
18000 ohmF), a low temperature dependence 
(±10%) to (±22. -33%) upon dielectric constant over 
a wide temperature range (-55 and +125° C) and a 
relatively low sintering temperature (1000° C to 
1250° C) is disclosed. It is manufactured when 
BaTiOs powder (at least 50 wt% of which is 0.7 to 3 
urn in particle size) is mixed with another compound 
with perovskite structure mainly composed of oxides 
of Pb. Ba, Sr t Zn, Nb, Mg and Ti before sintering. 
Further, part of Ti of BaTiOs is substitutable with Zr 
or Sn, and part of Ba of BaTiCh is sustitutable with 
Sr, Ca or Ce. 
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0 < d £ 0.5 
0 < c + d < 1.0 
0.3 < x $ 0.65 

2. The high dielectric constant ceramic material as set forth in claim 1 , wherein at least 50 wt% BaTi03 
s is 0.7 to 3 urn in particle size." 

. 3. The high dielectric constant ceramic material as set forth in claim 1, wherein 0.3 5 x £ 0.5 and 0 < c 
£ 0.9 for providing a lower sintering temperature. 

4. The high dielectric constant ceramic material as set forth in claim 1, wherein 0.5 £ x £ 0.65 for 
providing a smaller temperature dependence upon dielectric constant 
io 5. The high dielectric constant ceramic material as set forth in claim 1 , wherein part of Ti of BaTi03 is 
substituted for by Zr as expressed by the following formula as 

(1-x)(Pbi^bBa a Sr b ) 

is {(Zn^Nbz*) ^(Mg^Nb^cTidjOsJcBafnj^ZrJOa 

where 

0 £ a £ 0.35 
so 0 £ b £ 0.35 

0.01 £a+bS0.35 

0 £ c S 0.9 

0 < d £ 0.5 

0 < e £ 0.06 
25 0.3 £ x £ 0,65 

0< c+d< 1.0 

6. The high dielectric constant ceramic materia! as set forth in claim 5, wherein 0.3 £ x 0.5 and 0 < c 5 
0.9 for providing a lower sintering temperature. 

7. The high dielectric constant ceramic material as set forth in claim 5, wherein 0.5 £ x £ 0.65 for 
30 providing a smaller temperature dependence upon dielectric constant. 

8. The high dielectric constant ceramic material as set forth in claim 1 , wherein part of Ti of BaTi03 is 
substituted for by Sn. 

9. The high dielectric constant ceramic material as set forth in claim 1 , wherein part of Ba of BaTi03 is 
substituted for by Sr. 

35 10, The high dielectric constant ceramic material as set forth in claim 1, wherein part of Ba of BaT103 is 
substituted for by Ca. 

11. The high dielectric constant ceramic material as set forth in claim 1, wherein part of Ba of BaTiQ3 is 
substituted for by Ce. 

12. A method of manufacturing a high dielectric constant ceramic material, which comprises the 
40 following steps of: 

(a) weighing BaCCk and T\0z at a ratio in order that barium titanate can be formed; 

(b) mixing and calcining the weighed BaC03 and Ti02 at 1000 to 1350°C; 

(c) crushing the calcined barium titanate in such a way that at least 50 wt% of the barium titanate is 
0.7 to 3 urn in particle size, to obtain a first compound based on barium titanate; 

45 (d) weighing oxides of Pb, Ba, Sr, Zn, Nb, Mg, and Ti at a predetermined mixture ratio; 

(e) mixing and calcining the weighed oxides at 700 to 900°C; 

(f) crushing the calcined oxides into powder having particle size smaller than 0.7 urn, to obtain a 
second compound of lead perovskite relaxor with perovskite structure with a Curie point of 125°C or lower; 

(g) weighing the first and second compounds at a predetermined ratio; 
so (h) mixing the weighed first and second compounds; 

(i) forming the mixed compound into a predetermined shape; and 

(j) sintering the formed composition at a low temperature from 1000 to 1250°C. 

13. The method of manufacturing a high dielectric constant ceramic material as set forth in claim 12, 
which further comprises the following steps of: 

55 (a) adding a binder and a solvent to the mixed composition into a slurry; 

(b) casting to form a green sheet; 

(c) printing 70Ag/30Pd to 70Pd/30Ag electrode paste on the formed gr en sheet; 

(d) stacking and laminating the green sheets before sintering; 
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Table 3 



5 


- 

Shape 


1 . 6x3 . 2x0 - y 


/ ——3 % 
v mm ) 




Thickness per layer 




( 1 1 m ^ 


70 


Capacitance 


0 *\ 7 






Dielectric Loss 
(Dissipation Factor) 


1.0 


(%) 


75 


Insulation resistance 


1.9xl0 5 


(Mohm) 




CR product ( 25°C) 


32000 


(ohmF) 




(125°C) 


7400 


(ohmF) 


20 


Capacitance change with 
reference to 25°C (-55°C) 


-20 




25 


(125°C) 


+ 8 


% 



The dielectric constant of the obtained multilayer ceramic capacitor was about 5700. Table 3 indicates 
that the characteristics are sufficiently excellent In particular, the temperature characteristics lie within 
t22% or less between -55 and +125°C, which satisfies X7S characteristics in EIA Standards. 

30 Further, a multilayer ceramic capacitor formed by use of composition obtained by adding 0.1 moi MnO 
and CoO to the Example 15 will be described hereinbelow. 

First, BaTio.95Zro.05O3 having the composition as described above and other calcined powder were 
weighed by a balance at predetermined proportion, mixed into slurry by adding an organic solvent and a 
binder, and formed into a 30 urn thick green sheet with a doctor blade casting machine. On this green 

35 sheet, a 70Pd/30Ag electrode paste was printed into a predetermined pattern and 20 sheets having the 
above electrode pattern were stacked and laminated. Thereafter, the laminated sheet was cut off into a 
predetermined shape, heated to bum out the binder and sintered at 1220°C for 2 H. After sintering, an Ag 
paste was baked as external electrodes to manufacture multilayer ceramic capacitors. The electric 
characteristics are listed in Table 4 below. 

40 



45 



so 



55 
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or 

(Pb<i -xxi -e-b) Ba^! .xja + x Sr ( i . X )b) {(Zn 1 tz N b^) (1 i ^ > 

s 

(Mgi/3 Nb M )(t-x)c'n(i.x)d+x{1^)Zrx.e}03) 

which includes Ba(Ti lHJ Zr e )(>3 having a Curie point 10 to 30 degrees lower than that of pure BaTiO^ together 
with Comparative Example 5. 

10 

Table 2-a 



30 



Sample 
No. 


a 

(mol%) 


b 

(mol%) 


c 

(mol%) 


d 

(mol%) 


e 

(mol%) 


X 

(mol%) 


Example 
13 


30 


0 


80 


5 


5 


60 


" 14 


0 


30 


10 


40 


50 


55 


" 15 


20 


0 


0 


30 


5 


58 . 


Compara . 

5 


0 


30 


10 


40 


12 


55 



35 

Table 2-b 



Sample 
No. 


PbO 
(wt%) 


BaO 
(wt%) 


SrO 
(wt%) 


ZnO 

(wt%) 


MgO 
(wt%) 


Nb 2 0 5 
(wt%) 


Ti0 2 
(wt%) 


Zr0 2 
(wt%) 


Example 
13 


23.73 


.41.93 


0.00 


0.62 


1.63 


12.79 


17.90 


1.40 


" 14 


27.17 


32.59 


5.41 


2.36 


0.23 


9.24 


21.69 


1.31 


" 15 


27.93 


37.92 


0.00 


2.97 


0.00 


9.70 


20.15 


1.33 


Compara 
5 


26.99 


32.38 


5.37 


2.34 


0.23 


9.19 


20.37 


23.12 
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Table 1-b 



70 


Sample 
No. 


PbO 
(wt%) 


BaO 
(wt%) 


SrO 
(wt%) 


ZnO 
(wt%) 


MgO 
(wt%) 


Nb 2 0 5 
(wt%) 


Ti0 2 
(wt%) 


75 


Example 

1 


41.97 


18.94 


4.28 


4.98 


0.03 


16.46 


13.35 




2 


32.96 


33.69 


0.00 


2. 99 


0.03 


9.96 


20.37 


20 


3 


43.90 


21.17 


1.07 


3.37 


1. 11 


18.35 


11.03 




4 


45 . 82 


21.20 


0.21 


1.12 


2.23 


18.37 


11.05 




5 


35.96 


30.21 


0.00 


2.43 


1.20 


15.8.7 


14.31 




Compara. 

1 


32.96 


33.69 


0.00 


2.99 


0.03 


9.96 


20.37 


30 


2 


32.96 


33.69 


0.00 


2.99 


0.03 


9.96 


20.37 


35 


Example 

6 


39.74 


22.59 


3.98 


2. 17 


1.08 


14.18 


16.27 


. " 7 


28.06 


38.10 


0.00 


2.98 


■ 0.00 


9.75 


21.00 




" 8 


28.16 


37.03 


0.82 


2.99 


0.02 


9.92 


21.06 


40 


9 


25.70 


40.43 


0.00 


2.73 


0.00 


8.93 


22.21 




" io 


29.79 


36.39 


0.00 


3.17 


0.00 


10.35 


20.30 


45 


" 11 


30 . 17 


32.96 


2.63 


3.21 


0.00 


10.48 


20.55 


" 12 


27.39 


39.99 


0.00 


0.21 


1.03 


7.48 


23.90 


SO 


Compara . 

3 


29.79 


36.39 


0.00 


3.17 


0.00 


10.35 


20.30 




4 


29.79 


36.39 


0.00 


3.17 


0.00 


10.35 


20.30 
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In this case, particle size of BaTiOa powder thus obtained was controlled by modifying the crushing 
conditions of the ball mill. Further, mean particle size was measured in accordance with Blaine method with 
a Blaine air permeability apparatus prescribed in Testing Method of Japanese Industrial Standard R-5201- 
1964. 

On the other hand, oxides or hydrooxides or carbonates of Pb, Ba, Sr, Zn, Ti, Mg, etc. other than 
BaTi03 were mixed by another bait mill, calcined at 700 to 900°C f and crushed. 

Succeedingly, these calcined bodies were weighed by a balance so as to provide a predetermined 
proportion, and mixed in a pot mill. After drying, a binder was mixed to form granule, and the materia! was 
pressed to form a disk-shaped element with a diameter of 17 mm and a thickness of about 2 mm. 

The element was sintered in air at 1000 to 1250°C for 2 hours. (Examples 1 to 6 and Comparative 
Examples 1 to 2 were sintered at 1000 to 1100°C f while Examples 7 to 15 and Comparative Examples 3 to 
5 were sintered at 1200 to 1250°C.) Silver electrodes were baked onto both the main surfaces to measure 
various characteristics. The dielectric loss (dissipation factor) and the capacitance were measured by an 
LCR meter at 1 kHz, 1 Vrms, and 25 °C. The dielectric constants were calculated on the basis of these 
values. .Further, the insulation resistances were calculated on the basis of values measured with an 
insulation resistance meter after a voltage of 100 V had been applied for 2 minutes. Further, the 
temperature characteristics (dependence) of the dielectric constant were expressed as the maximum 
change rate within a temperature range of -55 to +125°C with reference to 25 °C. The capacitance and 
resistance product (CR product) was obtained on the basis of (relative dielectric constant) x (insulation 
resistance) x (dielectric constant in a vacuum) at 25 and 125°C. The insulation resistance was measured in 
a silicon oil to eliminate the moisture effect induced in air. 

Table 1 shows the test results of Examples 1 to 5 and 7 to 12 having composition expressed by the 
general formula: 

(1-x)(Pb 1 . a . b Ba a Sr b ) 

{(Zn l/3 Nb 2ra ) 1<<i (Mg 1/ 3Nb 2ra ) c Ti d }Q3jcBaTi03 

or 

(Pb(i -xki -a-wBa^i . x)a + x Sr (1 . X )b) 

{(Zniy3Nb2/3) (1 . xK1 .c.^^ 

For comparison, Table .1 lists the test results of Comparative Example 1 (BaTi03 of small particle size), 
Comparative Example 2 (BaTi03 of large particle size), and a special Example 6 (BaTi03 is replaced with 
(Bao^Sro.OTiQa having a Curie point 10 to 30°C lower than that of pure BaTi03). 
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The ceramic composition thus obtained is a mixed sintered body of a first component mainly composed 
of BaTi03 and a second component with perovskite structure mainly composed of Pb. Since the first 
compound of BaTi03 has a Curie point of about 125°C, and due to a multiplication effect in relation to the 
second component mainly composed of Pb, excellent temperature characteristics or small temperature 

5 dependence in the present ceramic composition can be obtained. Further, the present ceramic composition 
is high in dielectric constant and CR product, and therefore suitable for use in capacitors. 

If the BaTtOs powder is excessively fine, first and second components are excessively diffused in 
sintering, thus resulting in obstruction of an improvement in temperature "characteristics. If excessively 
coarse, pore cracks excessively increase in the sintered body, thus resulting in low CR product, low 

to mechanical strength, and low production yield due to non-uniform composition especially when multilayer 
capacitors are fabricated. 

Therefore, it is desirable that 50 wt% or more BaTi03 powder is 0.7 to 3 urn, preferably 0.8 to 2 urn in 
particle size. The method of controlling the particle size is as follows: when the particle size is large, for 
instance, the crushing conditions by ball mill is modified. When the particle size is small, the calcining or 
T5 prefiring condition is adjusted. 

Further, the Curie point of the second component is determined as 125°C or less under consideration 
of the temperature characteristics of BaTi03, and further as room temperature to 80 °C under consideration 
of the mutual reaction of the first and the second components. Further, it is preferable to use the second 
component with a Curie point lower than room temperature when the sintering temperature is required to be 
20 lowered (e.g. 1100°C or lower). 

Further, in order to change the Curie point, it is possible to substitute a part of Ba with Sr, Ca or Ce or a 
part of Ti with Zr or Sn in the BaTiOs powder. 

The composition of the present invention will be described hereinbelow. The composition can be 
expressed by the following genera! formula 

25 

(1-x)(Pb 1srt Ba a Sr b ) 

{(Zn 1/3 Nb ^^(Mg^Nb^cTid^xBaTiOs 

In the above formula, only a smali amount of substitution for the Pb by Ba and Sr can form a perovskite 
30 structure. However, when (a+b) is 0.01 or less, perovskite structure is not easily formed and ther fore the 
dielectric constant is lowered. When (a+b) is 0.35 or more, the sintering temperature increases. If c and d 
are out of the above ranges, the temperature dependence of the dielectric constant increases. Further, it is 
preferable that (Zn^ Nb^) component is included to some extent, c + d £ 0.9 is preferable. If x exceeds 
0.65, the sintering temperature rises; if below 0.3, the temperature dependence of the dielectric constant 
35 increases. In particular, when the temperature dependence is much accounted, 0.5 < x £ 0.65 is preferable; 
when the sintered temperature is much accounted, 0.3 £ x £ 0.5 is preferable. 

When the constants a, b, c, d, and x are restricted within the above ranges, it is possible to obtain a 
ceramic composition which is large in dielectric constant, small in dielectric constant temperature depen- 
dence over a wide temperature range, high in insulation resistance, and, for example as low as 1150°C in 
40 sintering temperature. 

As though the composition of the present invention is mainly composed of 

(1-x)(Pb^. b Ba a Sr b ) 

45 {(Zn^Nbz* )i<.d(Mg 1/3 Nb2^) c Ti d }03.xBaTi03, 

the above stoichiometric component ratios are not so severe. 

The above oxides can be calculated in terms of weight percentage as follows: 

50 PbO 26.49 to 53.33 wt% 

BaO 5.01 to 39.48 wt% 

SrO 0.00 to 9.71 wt% 

ZnO 0.49 to 6.86 wt% 

MgO 0.00 to 3.14 wt% 
55 NbzQs 8.00 to 23.03 wt% 

T1O2 7.81 to 23.64 wt%. 



More preferably, 
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SUMMARY OF THE INVENTION 

With these problems in mind, therefore, it is the primary object of the present invention to provide a 
high dielectric constant ceramic material high in dielectric constant and insulation resistance, small in 
5 temperature dependence, and sinterable at low temperature, which is suitable for use in high-performance 
low-cost ceramic capacitors. 

To achieve the above-mentioned object, a high dielectric constant ceramic material according to the 
present invention comprises a ceramic composition expressed by the following formula as 

70 (1-x)(Pbi. a . b Ba a Sr b ) 

{(Zn^Nb^^^lMg^Nb^cTj^OsJ-xBaTiOa 

where 

0 5 a 5 0.35 
05 b 5 0.35 
0.01 5 a+b 5 0.35 
0 5 c 5 0.9 
20 0 < d £ 0.5 

0< c + d < 1.0 
0.3^x^0.65 

In manufacturing the above-mentioned ceramic composition, at least 50 wt% or more barium titanate 
(BaTiOa) powder used as raw material is .0.7 to 3um in particle size. 
25 Further, part of Ti of BaTi03 can be substituted for by Zr as expressed by the following formula as 

(l-xXPbi^bBagSrb) 

{(Zn l/3 Nb 2 ^) 1 ^ d (Mg t/ 3Nb2^)cTi d }03).xBarn 1 ^Zr e )03 

30 

where 

0 5a5 0.35 

0 5 b 5 0.35 
35 0.01 5 a + b 5 0.35 • ' 

0 5c 5 0.9 

0 < d 5 0.5 

0 < e 5 0.06 

0.3 5 x 5 0.65 
40 0 < c + d < 1.0 

Or else, part of Ti of BaTi03 can be. substituted for by Sn. 

Furthermore, part of Ba of BaTi03 can be substituted for by Sr, Ca or Ce. 

It is the other object of the present invention to provide a method of manufacturing a high dielectric 
constant ceramic material provided with the above features. 

45 To achieve the above-mentioned object, the method of manufacturing a high dielectric constant ceramic 
material comprises the following steps of: (a) weighing BaC03 and TiOa at a ratio in order that barium 
titanate can be formed; (b) mixing and calcining the weighed BaC03 and TIO2 at 1000 to 1350°C; (c) 
crushing the calcined barium titanate in such a way that at least 50 wt% of the barium titanate is 0.7 to 3 
urn in particle size, to obtain a first compound based on barium titanate; (d) weighing oxides of Pb, Ba, Sr, 

so Zr, Nb, Mg, and Ti at a predetermined mixture ratio; (e) mixing and calcining the weighed oxides at 700 to 
900°C; (f) crushing the calcined oxides into powder having particle size smaller than 0.7 u.m, to obtain a 
second compound of lead perovskite relaxor with perovskite structure with a Curie point of 125°C or lower; 
(g) weighing the first and second compounds at a predetermined ratio; (h) mixing the weighed first and 
second compounds; (i) forming the mixed compound into a predetermined shape; and 0) sintering the 

55 formed composition at a low temperature from 1000 to 1250°C. 
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temperature range (-55 and +125°C) and a relatively low sintering temperature (1000°C to 1250°C) is 
disclosed. It is manufactured when BaTiCfa powder (at least 50 wt% of which is 0.7 to 3 urn in particle size) 
is mixed with another compound with perovskite structure mainly composed of oxides of Pb, Ba, Sr, Zn, Nb, 
Mg and Ti before sintering. Further, part of Ti of BaTi03 is substitutable with Zr or Sn, and part of Ba of 
BaTi03 is sustitutable with Sr, Ca or Ce. 
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